Tuberculosis (TB) in adults can present in a large number of ways. The lung is the predominant site of TB. Primary pulmonary TB should be distinguished from postprimary pulmonary TB, which is the most frequent TB manifestation in adults (70%-80% cases). Cough is common, although the chest radiograph often raises suspicion of disease. Sputum sampling is a key step in the diagnosis of TB, and invasive procedures such as bronchoscopy may be necessary to achieve adequate samples for diagnosis. Extrapulmonary involvement, which may present many years after exposure, occurs in a variable proportion of cases (20%-45%). This reflects the country of origin of patients and also the frequency of associated human immunodeficiency virus (HIV) coinfection. In the latter case, the presentation of TB is often nonspecific, and care needs to be taken to not miss the diagnosis. Anti-TB therapy should be given in line with proven (or assumed) drug resistance. In extrapulmonary TB, adjunctive therapeutic measures may be indicated; although in all cases, support is often required to ensure that people are able to complete treatment with minimal adverse events and maximal adherence to the prescribed regimen, and so reduce risk of future disease for themselves and others.
I
n parts of the world where tuberculosis (TB) is endemic, symptomatic individuals and their health-care providers are likely to recognize and consider TB early within the diagnostic algorithm (Aït-Khaled et al. 2010) . However, in countries with a declining or low prevalence, the time to diagnosis and starting treatment can be prolonged. This may be attributable to both patient and health system factors (Millen et al. 2008 , Migliori et al. 2012 ) and can be accentuated by the stigma associated with a potential diagnosis of TB (as well as HIV coinfection) (Courtwright and Turner 2010) . Hence, education for individuals, communities, and social care providers about TB symptoms, and where and how to get them investigated, is an important part of clinical management (Chowdhury et al. 2013; TB CARE 2014) .
Considering TB as the cause of a person's symptoms (or new signs in a child with a sig-nificant exposure), making a rapid and accurate diagnosis and initiating effective treatment promptly are central to good patient care and public health TB management. Not only does this alleviate symptoms and reduce mortality for the individual, but it also decreases onward transmission to others and hence impacts on the overall burden of TB.
TB in adults can present in a variety of ways. The lung is the predominant site of TB as infection with Mycobacterium tuberculosis (Mtb) or other members of the TB complex arises almost exclusively from inhaling droplets containing the bacilli. This may result in symptomatic, primary pulmonary TB disease (usually in children) and in adults, after a variable amount of time in a clinically asymptomatic state of latent TB infection (LTBI), generally as postprimary pulmonary TB. Mtb may spread directly from the lungs, via the lymphatics, or the bloodstream, to other body sites causing the various extrapulmonary TB manifestations described in this review.
The location of disease should be documented in all patients. Given that there may be multiple sites involved, it is recommended that at least two, a major and a minor site, when applicable, be recorded. Here, the definitions used are those proposed by a Working Group of the World Health Organization (WHO) and the European Region of the International Union Against Tuberculosis and Lung Disease (IUATLD) for uniform reporting of TB cases (Rieder et al. 1996) .
It is important to note that TB can be diagnosed via a number of different clinical pathways and settings. In a low incidence country such as Germany, among more than 25,000 TB cases studied between 1996 and 2000, almost 80% were diagnosed through passive case finding ( 62% had symptoms suggesting TB, 16% were diagnosed during investigations for other medical causes, 1% at autopsy) and 19% by active case finding in high-risk groups, particularly in close contacts of infectious patients (Forssbohm 2004) . This further reinforces the importance of thinking of TB as a possible cause of a patient's symptoms or signs in clinical practice (Craig et al. 2009 ).
CLINICAL PRESENTATION AND DIAGNOSIS OF TB Pulmonary TB
Pulmonary TB is defined as tuberculosis of the lung parenchyma and the tracheobronchial tree only. Primary pulmonary TB should be distinguished from postprimary pulmonary TB, which is the most frequent TB manifestation in adults. The classic clinical features of pulmonary TB include chronic cough, sputum production, appetite loss, weight loss, fever, night sweats, and hemoptysis (Lawn and Zumla 2011) . Someone presenting with any of these symptoms should be suspected of having TB. If they are or were known to be in contact with infectious TB, they are even more likely to be suffering from TB (Ait-Khaled et al. 2010.) Primary Pulmonary TB
In countries with a high TB prevalence, primary pulmonary disease occurs usually in childhood, but where TB is less endemic, it occurs fairly often also in adults. It is characterized by local granulomatous inflammation, usually in the periphery of the lung (Ghon focus), and may be accompanied by ipsilateral lymph node involvement, termed the Ghon complex. The infection is usually asymptomatic but can present as an acute lower respiratory tract infection. The most important clue to the diagnosis is a history of close contact with an infectious TB case. The diagnosis is suspected when a tuberculin skin test or a blood interferon-g release assay (IGRA) converts to positive, usually 3-8 wk after infection. The chest radiograph may show the Ghon focus/complex (Fig. 1) .
Rare primary sites of TB are the alimentary tract caused by swallowing Mtb, usually Mycobacterium bovis, present in nonpasteurized milk products (de la Rua-Domenech 2006), or after direct cutaneous infection (usually occurring in laboratory personnel) (Menzies et al. 2003) . Intravesical Bacillus Calmette -Guérin (BCG) vaccination used to treat localized bladder tumors may occasionally disseminate and present as primary BCG disease (Fig. 2) (Lamm 1992) .
Local complications of primary pulmonary TB may result from lymph node enlargement leading to bronchial obstruction. Tuberculous pleurisy can arise early in the course of primary pulmonary TB, either by direct spread from the pulmonary lesion or through hematogenous dissemination.
Rare, serious, early systemic complications caused by blood-borne spread of Mtb are miliary TB and meningitis. Many years later, TB of the skeletal or urogenital system and other organs may result (Wallgren 1948) .
Postprimary pulmonary TB may follow primary TB. In the generally immunocompetent, there is a lifetime chance of reactivation of the dormant primary complex of 5% -10% (Horsburgh Jr 2004). These estimates were developed before the availability of molecular techniques that can distinguish reactivation from reinfection with another strain of Mtb, and it may be that the overall risk is rather less in most people with latent TB infection not exposed again to Mtb. The first 2 yr following primary infection are the period of maximal risk of progression. This can be reduced significantly by treating LTBI, which is indicated particularly in highrisk groups (Table 1) (Diel et al. 2013) . It is not known why only 10% of individuals infected with Mtb develop active disease. Apart from diverse risk factors such as diabetes, smoking, and chronic renal failure (Hu et al. 2014) , several genes have been found to be associated with increased susceptibility to, or resistance against, Mtb (Möller et al. 2010) .
Erythema nodosum and other skin conditions such as granulomatous panniculitis plus forms of uveitis and polyarthritis (Poncet's disease) are considered to reflect the host immune response to mycobacterial antigen. They can be seen both during primary infection and at some time distant from presumed infection (Kroot et al. 2007 ). The features are often nonspecific, and the key clinical issue here is to consider TB as a possible underlying cause of the presentation. This is generally based on determining whether there is a history of exposure or residence in a TB-endemic area. The increasing numbers of individuals who are immunocompromised from infections such as HIV or through medical treatments (and are at much greater risk of developing active TB) make this method of categorization less helpful than previously.
Postprimary Pulmonary TB
Postprimary TB of the lungs is the prevailing TB manifestation in adults (in 60% -80%) (Public Health England 2014) . It can occur many years after exposure to an individual with infectious TB and may be provoked by temporary or permanent immunological impairment. Males are more often affected than females (Borgdorff et al. 2000) .
The most frequent symptoms of active disease are fever, anorexia or reduced appetite, weight loss, night sweats, anemia, and persistent cough (i.e., lasting .14 d) (TB CARE 2014) usually productive of purulent and/or bloodstained sputum. Occasionally, patients complain of localized thoracic pain attributable to accompanying pleural inflammation. In extensive and long-lasting pulmonary disease, patients may report breathlessness. Hemoptysis is usually the result of cavitating lung disease causing erosion of pulmonary blood vessels (Fig. 3) .
Hoarseness can occur if there is laryngeal involvement. Patients with laryngeal and tracheobronchial (Fig. 4) TB may have Mtb in sputum despite a normal chest X-ray, although in general, the radiograph will suggest the possible diagnosis (Bhat et al. 2009) .
Tuberculoma of the lung should be considered as part of the differential diagnosis in mass lesions presenting in individuals with a history of exposure to Mtb (Fig. 5) .
The physical signs of TB are not specific. Auscultation often does not show any pathological breath sounds or may reveal crackles, wheezing, or bronchial breathing (which is Fuehner et al. 2007 , with permission, from Springer, # 2007 termed amphoric when related to the movement of air within a cavity). The radiographic features vary from very discrete infiltrates to extensive and bilateral changes with multiple cavities characteristic of TB. Usually, the changes are more pronounced in the upper lobes. The differential diagnosis of cavitation includes other infections as well as malignant and inflammatory lung diseases (Table 2 ).
There are no specific blood tests that aid the diagnosis of TB. Patients will have a profile that reflects their general state of health and nutrition. They may or may not be anemic and have moderately elevated inflammatory markers such as C-reactive protein. However, all of these measures are highly variable (Breen et al. 2008a ). The following blood tests are recommended generally as baseline assessments rather than for any specific value in TB diagnosis. These include kidney and liver function, blood sugar, hemoglobin, white cell and differential counts, platelet count, and C-reactive protein (or ESR). It is recommended that routine HIV and hepatitis B and C testing be performed and vitamin D blood levels measured, as patients are invariably deficient (Blasi and Matteelli 2013) .
The presentation of HIV-associated pulmonary TB can mimic that seen in the HIV uninfected. This is generally found in subjects with relatively well-preserved immunity (manifest as blood CD4 counts .350 cells/mL) (Cain et al. 2010) . However, the associated immune dysregulation in most individuals with active TB and HIV coinfection means that although symptoms may be similar, patients can also present with very nonspecific although severe systemic features (e.g., weight loss, night sweats, and fever) and minimal specific respiratory complaints (Breen et al. 2008a) . The radiology of HIV TB is discussed in more detail elsewhere. However, an important point to note is that parenchymal cavitation is less likely in individuals with low blood CD4 counts. Extrapulmonary manifestations (including mediastinal nodal disease and pleural effusions) are also more common in HIV coinfection (Lawn and Zumla 2011) .
The lack of cavities means that sputum samples in HIV-associated pulmonary TB are often smear-negative. This is despite individuals having in fact a very high mycobacterial burden (Elliott et al. 1993; Crump et al. 2012; Huang et al. 2014) . Indeed, sputum cultures are generally positive as frequently in HIV-infected as -uninfected subjects. The importance of obtaining samples from other body fluids and locations cannot be overemphasized. This should include mycobacterial blood and urine cultures. Given that HIV-associated TB is often multisite, general radiological evaluation (including computed tomography [CT] chest, abdomen, and pelvis or equivalent investigations, e.g., abdominal ultrasound) may identify other areas of pathology that are amenable to diagnostic aspiration or biopsy. The high mycobacterial burden associated with HIV means that often urine antigen tests such as the cell wall component lipoarabinnoman (available in commercially produced kits) may be positive in patients with very low blood CD4 counts (,100 cells/mL). These offer, therefore, an alternative approach to TB diagnosis in advanced HIV infection (Lawn et al. 2013) .
In many clinical settings, HIV is diagnosed at the same time as TB (Rice et al. 2013 ). This mainly follows the pattern of presentation with clinical TB, which then results in an HIV test. However, the use of antiretroviral therapy in an individual at risk of TB can lead to an unmasking paradoxical reaction (which is part of the immune reconstitution inflammatory syndrome, IRIS) (Breen et al. 2005) . These are typically highly inflammatory presentations, in which individuals develop intense systemic symptoms and new onset signs and radiological changes within a matter of days.
Although the underlying mechanism has not been fully elucidated, it appears to arise as a consequence of a host immune response directed against a (generally foreign) persistent antigen. Mycobacteria fulfill this role well, although so do other chronic intracellular organisms such as fungi. Hence, a presentation of apparent unmasking TB must be investigated comprehensively. Samples should be sent for cytology, histology, and bacterial, fungal, and mycobacterial cultures to avoid diagnostic confusion and inappropriate treatment.
Sputum sampling is a key step in the diagnosis of TB. Attempts should be made to obtain at least two sputum samples from individuals with suspected TB (including extrapulmonary TB, which is often associated with positive sputum cultures despite few reported symptoms) (Parimon et al. 2008) . Good-quality sputum samples should be obtained. It is standard to ask for three samples, although evidence suggests that two may strike a better balance in terms of value (Mase et al. 2007 ). These are generally requested to be provided first thing in the morning (i.e., at a time when individuals are most productive). However, in an ambulatory setting, this can result in delay, and often there is utility in obtaining samples in one day (e.g., in the morning and afternoon). Should an individual be unable to produce sputum spontaneously, many centers will perform induced sputum using hypertonic saline (generally between 3% and 7% concentration). This technique is quick (in total taking ,1 h), relatively inexpensive, and not as invasive as a bronchoscopy. It also has a good yield (Brown et al. 2007 ). However, this is operator-dependent, and the procedure requires experienced technicians to ensure that optimal samples are obtained.
Sputum induction creates a considerable aerosol of potentially infectious material (Dooley et al. 1990 ). It should therefore be performed in a setting where infection control is of a high standard, or there is minimal risk of transmission to others, e.g., induction performed in an open air setting, away from others.
Should sputum induction be unavailable or unsuccessful, flexible bronchoscopy with bronchoalveolar lavage is indicated. This procedure has the advantage of being able to sample specific sites (and hence in theory improve the recovery from, e.g., localized disease or a cavity) (Schoch et al. 2007) . A good-quality sample, which is promptly set up for mycobacterial culture, has a high diagnostic yield (Breen et al. 2008b) . This is important because the procedure is associated with significant up-front capital cost, and potential risk to both patients and health-care workers.
Bronchoscopic procedures also enable aspiration and biopsies to be performed. This includes both lung tissue (bronchial biopsies) and needle aspiration under either direct vision or using ultrasound (EBUS) (Navani et al. 2011) .
Pulmonary samples can be assessed using acid-fast bacilli (AFB) smear, nucleic acid amplification techniques such as GeneXpert, mycobacterial culture, or cytological analysis. AFB sputum smear is the most long standing, although it is fairly insensitive (requiring at least 5 Â 10 3 bacilli per mL for detection). Molecular diagnostics are equally rapid, more sensitive, and also currently more expensive. They can also detect genetic resistance to antituberculosis drugs (Boehme et al. 2011) , and with modification they might distinguish between live and dead bacilli (Honeyborne et al. 2011 ).
Culture techniques are still regarded as the gold standard. Liquid fluorometric systems are faster than solid media and more sensitive (Dhillon et al. 2014 ). However, they are also expensive and require skilled personnel to use them. At present, they are not routinely available worldwide for all patient samples that are obtained for suspected TB.
Extrapulmonary Tuberculosis
Extrapulmonary tuberculosis (EPTB) occurs in 10% -42% of adult TB patients depending on race or ethnic background, age, presence or absence of underlying disease, genotype of the Mtb strain, and immune status (Caws et al. 2008) (Table 3) . EPTB is defined as TB affecting any site other than the lung. Sometimes it is accompanied by pulmonary disease (Public Health England 2014). It can affect any organ in the body and has numerous clinical manifestations, and thus requires a high index of clinical suspicion (Zumla et al. 2013) . EPTB can occur many years after exposure. In addition to systemic fea- tures, patients with EPTB may complain of symptoms related to the involved site/organ. In contrast to pulmonary TB, females are more often affected (one exception to this being pleurisy) (Forssbohm et al. 2008) (Fig. 6) . The differences in the proportion of EPTB by area of origin are remarkable. Patients from Africa and Asia are generally far more likely to present with EPTB than those from Germany (Forssbohm et al. 2008) ; genetic factors may explain some of these differences (Fernando et al. 2007 ). HIVand other conditions that markedly impair host immunity have led to an increase in extrapulmonary disease. This reflects an inability to contain Mtb, and hence dissemination, with positive cultures from a number of body sites, often occurs. The diagnosis can require biopsy and/or surgical removal.
Lymph Node TB
Intrathoracic Lymph Node TB
Intrathoracic lymph node TB is relatively more frequent in children than in adults, usually in association with primary pulmonary TB. It may be noted on the chest radiograph as mediastinal enlargement, sometimes associated with calcification (Fig. 7) . The use of CT scanning has shown the relative insensitivity of chest radiographs. Often, enlarged lymph nodes are present only on one side of the mediastinum, although they may be bilateral. The lymph nodes may become so large that they cause bronchial obstruction and collapse of an adjacent region of the lung. If they perforate into the bronchial tract, this may result in sublobar or lobar pneumonia (Fig. 8) . The differential diagnosis includes other infectious etiologies such as nontuberculosis mycobacteria (NTM) and fungal infection, malignancy (lymphoma, lung cancer), sarcoidosis, and silicosis.
The diagnosis can be established by bronchoscopy (Chung and Lee 2000) (Fig. 9) , which may be used also as an adjunctive therapeutic measure by removing obstructing intrabronchial lesions or by placement of an intrabronchial stent . If hilar or mediastinal intrathoracic lymph node involvement is the sole TB manifestation, transbronchial needle aspiration ("blind" TBNA or under ultrasound guidance as EBUS) or mediastinoscopy may establish the etiology. Rapid molecular diagnostic methods have been successfully applied to EBUS-derived lymph node samples (Dhasmana et al. 2014 ). This provides the op- portunity to confirm clinically suspected disease promptly and also to obtain samples for drug sensitivity testing.
Extrathoracic Lymph Node TB
Extrathoracic lymph node TB is one of the most frequent EPTB manifestations in adults. In Germany, for example, it accounts for 30% of EPTB (Forssbohm et al. 2008) . In most cases, the cervical/supraclavicular (Fig. 10) , and more rarely the axillary or inguinal, lymph nodes are involved. At first, the lymph nodes are firm, painless, and not warm (Fig. 10 ), but they may later become fluctuant, matted together, and inflamed.
If not treated, they may perforate through the skin and create nonhealing fistulas.
The differential diagnosis includes other infectious etiologies such as NTM and fungal infection, malignancy (lymphoma, [lung] cancer), and sarcoidosis. The diagnosis is established by needle aspiration, occasionally by surgical biopsy.
Tuberculous Pleurisy
Tuberculous pleurisy is one of the most frequent EPTB manifestations. In Germany, it accounts for 19% of EPTB cases (Forssbohm et al. 2008 ). It is more frequent (15% -90%) in HIV coinfection, being seen in patients with higher blood CD4 counts (Gopi et al. 2007 ). As with pulmonary TB, and contrary to other forms of EPTB, males are more often affected than females. Usually, it occurs in the young; however, in countries with a low TB incidence, pleural disease may develop at older ages as well.
It can present acutely with high fever or as a subacute/chronic illness. Clinical features may start with pleuritic chest pain (dry pleurisy), but the predominant symptom, caused by pleural effusion, is breathlessness. Physical signs of effusion are dullness on percussion and reduced breath sounds at the affected site. The size of the effusion can vary between very small to almost complete involvement of the hemithorax; it is rarely bilateral (Fig. 11) . Pulmonary TB changes are present in the minority, but studies have shown that in up to 20%, Mtb can be found in sputum (Parimon et al. 2008) .
The differential diagnosis includes all causes of pleural effusion. The diagnosis is established by investigation of the pleural fluid and/or by pleural biopsies (closed-needle biopsies or thoracoscopic biopsies [Light 2010] ). The diagnosis of pleural TB is hampered by its paucibacillary nature (Chegou et al. 2008) . Less than 10% of pleural fluids are smear-positive, and culture is positive in only 30% (20% -50%) of cases. However, in HIV-positive patients, the fluid is much more likely to be smearand culture-positive for Mtb if the CD4 count is ,100 cells/mL (Heydermann et al. 1998 ). The exudative fluid is, in the majority of cases, predominantly lymphocytic, although in 10%, mainly polymorphonuclear leukocytes are found (Bielsa et al. 2013) .
Several laboratory and microbiological tests have been developed during recent years, including nucleic acid amplification and detection, markers of specific and nonspecific immune response such as adenosine deaminase (ADA), and IGRA. These may help in diagnosing TB as the cause of pleural effusion and have a reasonable high sensitivity and specificity (Trajman et al. 2008; Light 2010) . However, at least in countries with a low TB prevalence, the accuracy may not be sufficient in individual cases (Hooper et al. 2009 (Hooper et al. , 2010 . The diagnostic yield of closed-needle pleural biopsies, especially under ultrasound guidance, is up to 80% (Diacon et al. 2003; Koegelenberg et al. 2010) .
The accuracy of medical thoracoscopy ( pleuroscopy) is almost 100%, as the pathologist is provided with multiple biopsies selected under direct vision (Figs. 12 and 13). Culture is therefore more often positive (78% in one study) (Fig. 14) , which in turn enables drug susceptibility testing to be performed (Loddenkemper 1998; Loddenkemper et al. 2011 ). Once again, it cannot be overemphasized that clinicians need to think of TB as a possible cause of pleural effusions-and hence perform appropriate investigations if they wish to make the diagnosis. This is particularly important given that effusions often spontaneously resolve, although the patient is at high risk of recurrence or more widespread disease if they do not receive anti-TB treatment at that stage.
Pleural thickening, trapped lung, and chronic empyema are potential sequelae of tuberculous pleural effusion. However, extensive fibrous pleural changes and tuberculous empyema (Fig. 15) are rare if an early diagnosis is made and appropriate treatment started (Sahn 2002) . There are insufficient data to support evidence-based recommendations regarding the use of adjunctive corticosteroids in the treatment of tuberculous pleurisy (Engel et al. 2007; Light 2010) . The early removal of pleural fluid may also reduce the long-term impact of residual pleural fibrosis (Chung et al. 2008; Light 2010 ).
Bone/Joints
TB affecting the bones and/or joints is one of the most frequent EPTB manifestations in adults. In Germany, skeletal TB accounts for 8% of EPTB cases (Forssbohm et al. 2008) , although in high-incidence countries, it is much more common. It presents usually several (5-7) years after the primary pulmonary infection (Wallgren 1948) .
The spine is involved in almost half of skeletal TB cases (Pott's disease). This starts as inflammation of the intervertebral disk, most often in the lower thoracic and upper lumbar vertebrae, and later involves typically two adja- cent vertebrae and the intervertebral disk (Jain and Dhammi 2007) . The most common first symptom is slowly progressive, often over weeks and months, back pain with occasionally associated abdominal pain. Local tenderness on palpation may be present. At later stages, kyphoscoliosis or even a gibbus may develop. Spinal cord or nerve root compression with sensory or motor symptoms, even paraplegia, can occur. A paraspinal abscess may develop within the psoas muscle and cause pain in the groin, in particular, on hip flexion. However, paraspinal collections can be seen at any site within the vertebral column (Fig. 16) . Modern imaging techniques such as CT, MRI, and bone scan have considerably enhanced the diagnostic work up. Whole-spine imaging is recommended as multiple vertebral sites are involved in up to 50% of cases (Fig. 17) (Fig. 18) . In other bones and joints, the metaphyses of long bones are the most common sites of TB, but hips, knees, shoulders, elbows (Fig. 19) , ankles, wrists, or any other bone or joint may be involved (Watts and Lifeso 1996) . The diagnosis is established by open surgical or needle biopsy with culture and histology. 
Genitourinary System
Genitourinary system disease includes TB of the kidney, ureter, bladder, and the male and female genital tract (Cek et al. 2005; Kulchavenya 2013 ). In Germany, it is a frequent extrapulmonary manifestation in adults and accounts for 17% of such cases (Forssbohm et al. 2008) . This is in marked contrast to the United Kingdom, where it is responsible for 3% (Public Health England 2014) . A variety of local symptoms can develop depending on the involved organ, usually many years after the primary infection. Systemic symptoms are less common. Many patients are asymptomatic, and TB may only be detected by urinalysis of pyuria with no apparent bacterial growth. This occurs in .90% of cases. Around 50% will have evidence of previous or active TB present on the chest radiograph (Wilberschied et al. 1999) .
Urological TB can cause destruction of the involved kidney, usually unilateral, perinephric or psoas abscess, and/or may lead to stenosis of the ureter and/or involvement of the bladder with cystitis, often accompanied by hematuria.
TB of the female genital system presents as tubal or endometrial involvement (endometritis) causing pelvic pain and/or menorrhagia and may cause infertility. The ovaries (adnexitis) can be involved also, and this may mimic an ovarian cancer (Fig. 20) . The diagnosis is established by image-guided needle biopsy, laparoscopy, or open surgical biopsy. TB of the vulva is uncommon.
TB of the male genital system presents mainly as involvement of the scrotum (epididymitis, orchitis), but the prostate may be affected as well. The diagnosis is established by imageguided needle biopsy or open surgical biopsy.
In some patients, mostly caused by late diagnosis, medical treatment may not result in the resolution of symptoms. Thus, additional surgical intervention and reconstruction may be indicated (Kulchavenya 2013) .
Abdomen
Abdominal TB includes involvement of the peritoneum with ascites or any intra-abdominal organ (Tan et al. 2009 ). This has become rare in low-incidence countries; in Germany, it accounts for 2% of EPTB cases (Forssbohm et al. 2008) . Although elsewhere, such as the Indian subcontinent and countries (e.g., the United Kingdom) that see TB relatively frequently in these populations, it is more common. Infection can result from swallowing sputum or nonpasteurized milk (Mycobacterium bovis) or by hematogenous spread. In the gut, TB may occur in any location from the mouth to the anus, although is most often in the ileum and cecum.
Abdominal pain occurs frequently, sometimes mimicking acute appendicitis. Other presentations include small bowel obstruction or gastrointestinal bleeding. The liver, spleen (Fig. 21) , pancreas, and adrenal glands may all be involved. In the latter case, the presentation can be one of insidious adrenal insufficiency, in which patients report lethargy or are noted to have metabolic derangements on blood testing.
The differential diagnosis (Khan et al. 2006 ) depends on the organs involved and includes other infectious etiologies, malignancy (Fig.  22) , and inflammatory bowel disease (Almadi et al. 2009 ). Tuberculous peritonitis with ascites results in abdominal swelling often accompanied by acute symptoms of fever, anorexia, and weight loss. The final diagnosis is established by investigation of the ascitic fluid, which apart from cytology and mycobacterial smear, molecular diagnostics, and culture, may be tested for adenosine deaminase (Shen et al. 2013 ) and using IGRA (Chou et al. 2011) . Laparoscopy, open surgical biopsy, or colonoscopy (Sanai and Bzeizi 2005 ) may need to be performed, and the diagnosis of TB of other abdominal organs is often made following surgical biopsy or tissue sampling guided by ultrasound or CT.
Central Nervous System
TB of the central nervous system (CNS) includes tuberculous meningitis (TBM) (the most common manifestation) and encephalitis with or without cerebral tuberculomas (Fig. 23) . CNS disease is often seen as part of a disseminated illness, with radiological evidence of, for example, miliary TB on chest imaging (see below). It has become rare in low-TB-incidence countries, and in Germany, it accounts for 2% of EPTB cases in adults (Forssbohm et al. 2008) . Headache is the predominant local symptom. Others include a decreased level of consciousness, sei- 
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Cite this article as Cold Spring Harb Perspect Med 2016;6:a017848 www.perspectivesinmedicine.org zures, neck stiffness, vomiting, and those attributable to involvement of cranial nerves. Spinal meningitis with involvement of the peripheral nerves and even paraplegia can occur (Thwaites et al. 2009 ). The severity of TBM at presentation is strongly associated with prognosis. Various factors and scoring models have been developed to predict the outcomes of TBM, and these are used in the evaluation of different treatment regimens (Chou et al. 2010) .
Severe complications include cerebral and spinal cord infarction from granulomatous arteritis, midbrain and the brain stem involvement with loss of automatic, involuntary function, as well as the development of hydrocephalus requiring short-and long-term intervention. The pressure effects of an abscess or granuloma in the CNS may be catastrophic. This should be considered during both investigation and subsequent treatment of patients with "high-risk" lesions in, for example, the brain substance or spinal cord (Thwaites et al. 2009 ).
The differential diagnosis includes other infectious etiologies of meningitis. The diagnosis is established by lumbar puncture and investigation of the spinal fluid (Thwaites et al. 2009 ). Highly suspicious is a cerebrospinal fluid (CSF) leucocytosis ( predominantly lymphocytes) and raised protein and low-glucose values. The diagnosis is hampered by its paucibacillary nature, but it may be enhanced by simple modification of the Ziehl-Neelsen stain and an ESAT-6 intracellular stain (Feng et al. 2014 ). The sensitivity is improved using the Xpert MTB/RIF (Nhu et al. 2014) . Rapid techniques based on nucleic acid amplification such as polymerase chain reaction (PCR) are more sensitive and specific as they detect specific DNA sequences of the organism (Thwaites et al. 2004a; Galimi 2011; Nhu et al. (DeLance et al. 2013 ). MRI will show generally more lesions than CT (Bernaerts et al. 2003) , although in many parts of the world, access to MRI is restricted and, although there is a greater radiation exposure, CTmay be preferable if serial imaging is required during follow up.
Fundoscopic examination of the eye can reveal evidence of both anterior and posterior chamber disease (Gupta et al. 2007) . Apart from presumed inflammatory responses to mycobacterial antigen (e.g., phlyctenular conjunctivitis, episcleritis, and anterior uveitis), papilloedema may be present in patients with CNS involvement. Choroidal tubercles can be visualizedand are helpful in the diagnosis of disseminated TB (Fig. 24) .
Apart from specific anti-TB therapy, adjunctive corticosteroids (either dexamethasone or prednisolone) should be given to all patients with TBM, regardless of disease severity and HIV status (Thwaites et al. 2004b) . Surgical shunting should be considered early in the patient with hydrocephalus and symptoms of raised intracranial pressure. Other neurosurgical operations may be indicated in patients with seizures or brain or spinal cord compression (DeLance et al. 2013 ).
Miliary TB
Disseminated TB can involve any number of organs (Zumla et al. 2013) . Hematogenous spread, when it includes the lungs, is often characterized by the radiological feature of a "miliary" pattern on imaging. This was first described in chest radiographs (where the numerous granulomas were felt to resemble millet seed, i.e., 1-4-mm rounded opacities scattered throughout both lungs), although is also applicable to CT imaging (Fig. 25) . In Germany, it Fuehner et al. 2007 , with permission, from Springer, # 2007 accounts for 3% of EPTB cases (Forssbohm et al. 2008) .
The differential diagnosis of this radiographic appearance includes other infections (e.g., fungi, nocardia and healed varicella pneumonia) as well as malignancy (in particular, thyroid, breast, and renal cancers, plus melanoma and osteosarcoma) and conditions that result in granulomas) (e.g., sarcoidosis). Hence, clinicians must ensure that a diagnosis of miliary TB is based on as much laboratory information as possible (Ray et al. 2013) and that patients who are started on anti-TB treatment are carefully monitored for response and/or the development of new symptoms and signs. Patients may develop an acute respiratory distress syndrome (ARDS) associated with a high mortality despite intensive care (Erbes et al. 2006; Lee et al. 2011) . The benefit of adjunctive corticosteroid administration in patients with miliary TB is unclear (Ray et al. 2013 ).
OTHER TB MANIFESTATIONS
TB can present at any body site. Therefore, clinicians should consider sending samples for mycobacterial molecular analysis, smear, and culture, as well as histo-or cytopathology. This situation occurs most frequently when patients present either with cutaneous disease (typically nonhealing lesions that have been treated for some time with standard antibacterials) (Fig.   26 ) or to breast, or ear, nose, and throat surgeons. In Germany, other TB manifestations account for 9% of all extrapulmonary TB cases (Forssbohm et al. 2008) .
TB pericarditis is a globally important condition with a distinctly poor prognosis if not diagnosed promptly (Fig. 27) . It is usually seen as an active acute or subacute condition associated with systemic features plus a pericardial effusion, which may lead to tamponade (Syed and Mayosi 2007) . Adjunctive treatment with corticosteroids is recommended (Evans 2008) . Constrictive pericarditis secondary to pericardial calcification can also occur (Fig.  28) . Here, the initial ( primary) infection is thought to have occurred several years earlier and was often asymptomatic. Over time, the patient notices increasing exercise limitation, yet even then may present to health-care services with apparent acute clinical decompensation.
The calcification associated with TB is generally thick, confluent, and irregular, although these features cannot be relied on. CT or MRI are useful investigations but should not detract from efforts to isolate or detect an organism (which may be from other sites including the lung). This may be unsuccessful ( particularly with the chronic presentation). The patient will often have a history of exposure to TB, usually from having spent time as a child in a TB-endemic country. Anti-TB treatment should be given, in addition to cardiac and sur-gical management as needed (Syed and Mayosi 2007) .
TREATMENT OF TB
The diagnosis of active TB (and hence the decision to start anti-TB drug therapy without which the great majority of cases will not be cured) uses information derived from the mycobacteria (e.g., positive AFB smear, molecular diagnostic test or culture), a compatible host response (e.g., cavitation on a chest radiograph), and environmental factors (e.g., a history of contact with TB in a person with consistent clinical features, or acquisition of HIV infection leading to altered [and impaired] immunity).
Prompt initiation of treatment will reduce morbidity and mortality for the affected indi- Uehlinger et al. 1959 , with permission, from EMH Schweizer Ä rzteverlag, # 1959 vidual and also break the cycle of onward transmission that sustains TB. However, treatment is not without its complications. This is most evident in the management of HIV-associated TB (Khan et al. 2010; Schutz et al. 2010) , in which there are considerable drug -drug interactions between antiretrovirals and anti-TB medication, and an increased risk of the intense inflammatory response provoked by concurrent use of these drugs (IRIS) (Meintjes et al. 2008) . This means that in practice, the relative timing of introduction of these agents also needs to be factored (Blanc et al. 2011; Török et al. 2011) .
Drug treatment is dealt with in more detail in other sections of this book. However, some of the key principles are described in brief here. Effective treatment is one that enables the individual to complete therapy and results in a very high cure rate and minimal risk of relapse owing to the original infection. Thus, drug therapy needs to be efficacious and have few adverse events (Breen et al. 2006 ). Both of these will maximize adherence to treatment regimens. However, factors such as duration of treatment, pill burden, cost of therapy, and even ensuring that the patient can access a sustained and secure supply of medication (Capstick et al. 2011) will impact on treatment effectiveness. Hence, at both a personal and a societal level, highquality treatment programs must ensure that safe and effective drug supplies are available and that a TB service can provide regular monitoring with facilities that optimize the patient's ability to adhere to the prescribed regimen.
Therapeutic combinations should, if at all possible, be based on known sensitivity of the organism to the selected drugs (World Health Organization 2011). The increasing prevalence of drug resistance (World Health Organization 2013) and the ease of global travel mean that no longer can clinicians assume that the infecting organism is likely to be drug-sensitive. This emphasizes the importance of obtaining pretreatment samples for rapid molecular diagnostics and culture, both of which can indicate likely drug sensitivity and hence guide early and ongoing treatment (Moureet al. 2011) .
In presumed drug-sensitive disease, treatment should commence with a minimum of three effective drugs. In practice, this means a four-drug therapy with a rifamycin plus isoniazid as well as pyrazinamide and ethambutol for the first 2 mo (by which point, drug susceptibility should be known for any positive Mtb cultures). It can never be assumed that prescribing medication equates to the patient actually taking it, and arrangements must be in place to ensure that adequate treatment support and supervision are available for the duration of therapy.
On-treatment monitoring of individual response may use strategies such as directly observed therapy (Okanurak et al. 2007 ), pill counts, and urine tests, plus measures of patient characteristics that reflect disease alleviation, e.g., weight gain (Khan et al. 2006 ) and health status (Kruijshaar et al. 2010) .
People on treatment for pulmonary TB can be followed with serial sputum cultures. However, in resource-rich environments, individuals often stop producing sputum within a few weeks of starting an effective treatment regimen (Hales et al. 2013) . In cases in which there is doubt regarding adherence with medication or possible treatment failure, it is recommended that the patient be evaluated for therapeutic compliance, pharmacodynamics (e.g., is there any possibility of malabsorption?), drug resistance, or an alternative diagnosis.
The importance of close liaison with other experienced clinicians and microbiologists, as well as public health officials within the setting of a multidisciplinary team meeting or through the use of regular cohort reviews (Anderson et al. 2014) , cannot be overemphasized. These provide optimal care for the individual and strengthen public health management of TB and are also an excellent method of education and training for all individuals involved in TB care (Migliori et al. 2012) .
The diagnosis of TB enables health-care services to provide more than just treatment for TB. HIV testing should be routinely offeredwith studies showing that "opt out" testing in TB clinics is a simple method of achieving this (Roy et al. 2013) . Screening for other bloodborne viruses such as hepatitis B and C, as well as assessing nutritional status, blood pres-sure, blood sugar, and encouraging smoking cessation, can also be highlighted during clinical care as part of a package of person-related health management.
CONCLUSION
Given the generally excellent response to treatment if therapy is started early, there is now little excuse for "missed diagnoses" and "late presentations" of TB. It remains a condition that in many parts of the world is common and hence usually promptly diagnosed. Here, the clinical issues often center on the need to ensure that correct, effective medication is prescribed and adverse events are minimized. However, in environments where TB is less frequently seen, the recognition that it can present in multiple ways and that TB must be considered early (by both the patient and their health-care provider) within the clinical diagnostic algorithm are of paramount importance. This is made more complex by the increasing numbers of immunocompromised individuals (through, e.g., HIV infection and medical treatments) at risk of developing active TB who, by virtue of their altered host response, will often have a modified presentation of TB disease. Strategies to combat the loss of familiarity with TB in low TB burden areas include the use of clinical networks and multidisciplinary and multiprofessional team working, plus on-going, relevant education in at-risk communities, the general public, and health-care workers.
